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ABSTRACT 

The d y i n g - f o r e s t  syndrom occup ies  s c i e n t i s t s  and f o r e s t e r s  i n  Cent ra l  

Europe. It i s  g e n e r a l l y  agreed t h a t  t h e  atmospher ic p o l l u t i o n  i s  a ma jor  

f a c t o r  ( S O  NO , ozone) caus ing  t h e  damage. However, t h e  mechanisms 

i n v o l v e d  i n  f o r e s t s  d e t e r i o r a t i o n  and e s p e c i a l l y  t h e  methods o f  e v a l u a t i o n  

o f  these damages a r e  no t  comp le te l y  understood and agreed upon among 

s c i e n t i s t s .  The e v a l u a t i o n  o f  d r y  and wet d e p o s i t i o n  o f  p o l l u t a n t s  and 

t h e i r  f o r e s t  growth d e t e r i o r a t i o n  e f f e c t s  shou ld  be based on t h e  chemical  
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compos i t ion  o f  

l i t t e r  decompos 

INTRODUCTION 

A c i d i f i c a t  

form o f  r a i n ,  

main a c i d i f y i n g  

leaves  ( p o l l u t a n t s  and n u t r i e n t s ) ,  growth inc rement  and 

t i o n .  

on o f  environment means "wet" a c i d i f y i n g  d e p o s i t i o n  i n  t h e  

snow and fog, and "d ry "  i n  t h e  fo rm o f  gases and dus t .  The 

compounds i n  t h e  atmosphere a r e  H S, SO -SO and NO . 
Emisions o f  su lphu r  per  yea r  t o  t h e  a i r  on a wor ldwide  b a s i s  by n a t u r a l  

processes ( v o l c a n i c  a c t i v i t i e s ,  f i r e s ,  metabol ism o f  organisms and o t h e r s )  
6 6 6 

a re  much l a r g e r  (150 t o  470 t o n s  o f  S )  t han  t h e  human a c t i v i t i e s  (70  - 
284 t o n s  o f  S ) ,  b u t  t h e  emissions caused by man occur  o n l y  over 

i n d u s t r i a l i z e d  reg ions  cove r ing  l e s s  than  5% o f  t h e  e a r t h ' s  sur face .  I n  

these reg ions  (Europe, Eas tern  Nor th  America, Japan) man-made S emissions 

exceed t h e  n a t u r a l  emissions by a f a c t o r  o f  5 t o  20 ( r e f .  1-4) ( s e e  F ig .  

2). Emission of  NO a r i s e s  bo th  f rom t h e  n i t r o g e n  i n  t h e  and a h i g h  

tempera ture  f i x a t i o n  o f  atmospher ic n i t rogen .  The man-made world emiss ion  

o f  n i t r o g e n  i s  about 75 -100 t o n s  per  y e a r  ( r e f .  4). Natura l  processes 
6' 

depending on va r ious  sources o f  e s t i m a t i o n  ( r e f  1-4),  c o n t r i b u t e  of 80 - 
270 pe r  yea r  i n  t h e  fo rm o f  NH and o f  60 -430 t o n s  i n  t h e  form o f  

n i t r a t e  f rom NO ( r e f .  3). 
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Very h i g h  emiss ions  o f  S and N w i t h i n  l a r g e  i n d u s t r i a l i z e d  reg ions  

w i t h  many l o c a l  sources of  emiss ions  ove r lapp ing  w i t h  t h e i r  zones o f  

i n f l u e n c e  on vege ta t i on  produce a ve ry  b i g  area l e a d i n g  t o  t h e  d e s t r u c t i o n  

o f  f o r e s t s  (see Tab. 1) and ma jo r  changes i n  t h e  v e g e t a t i o n  compos i t ion  on 

wide areas i n  Cen t ra l  Europe (see F ig .  1). However, even i n  these  areas one 

can f i n d  p laces  w i t h  a sma l le r  d e p o s i t i o n  o f  p o l l u t a n t s  due t o  t h e  l o c a l  

wind v e l o c i t y ,  p r e c i p i t a t i o n  and t h e  p o s s i b i l i t y  o f  accumula t ion  by 

vege ta t i on ,  e t c .  I n  areas of s c a t t e r e d  r e l a t i v e l y  smal l  sources o f  

emission, as f o r  example i n  Spain, Nor thern  F i n l a n d  and Nor thern  Sweden t h e  

d i s p e r s i o n  o f  SO and NO i s  o n l y  l o c a l  and depends m a i n l y  on a sma l le r  

d e p o s i t i o n  up t o  severa l  k i l o m e t r e s  f rom t h e  source o f  emission. 

The t o t a l  d e p o s i t i o n  o f  su lphur ,  d r y  and wet, i s  very  h i g h  near  t h e  

emiss ion  source. I n  more remote areas t h e  wet d e p o s i t i o n  assumes g r e a t e r  

importance. In d r y  d e p o s i t i o n  (SO ) atmospher ic l i f e t i m e  i s  f rom a few 

hours up t o  two days and t h e  mean t r a n s p o r t  d i s t a n c e  up t o  a few hunderd 

k i l omet res ,  d i m i n i s h i n g  r a p i d l y  w i t h  d is tance.  SO has 3 t o  5 days o f  a 

l i f e t i m e  and t h e  mean t r a n s p o r t  d i s t a n c e  i s  about a thousand km o r  more. 

The most damaging e f f e c t s  o f  a i r  p o l l u t i o n  a re  i n  areas where a h i g h  

background p o l l u t i o n  i s  en la rged  by l o c a l  sources o f  p o l l u t i o n ,  which i s  

demonstrated by  F ig .  3 r e p r e s e n t i n g  Poland, where a h i g h  t ransboundary  a i r  

p o l l u t i o n  from Czechoslovakia and t h e  German Democrat ic Repub l ic  produces 

h i g h  accute  damages t o  f o r e s t s  i n  south-western Poland. Never the less  t h e  

l o c a l  sources o f  emiss ion  a l s o  c o n t r i b u t e  i n t e n s i v e l y ,  i n c r e a s i n g  t h e  

accumula t ion  of  p o l l u t a n t s .  The map o f  su lphur  accumula t ion  i n  p i n e  

needles i n  Poland suggest t h a t  t h e  t r a n s p o r t  i s  n o t  so remote. It seems t o  

be i n  c o n t r a s t  t o  t h e  e v a l u t i o n  done by me teo ro log i ca l  models o f  p o l l u t a n t s  

d i f f u s i o n  i n  t h e  wor ld.  I t  may a l s o  be p o s s i b l e  t h a t  p o l l u t a n t s  

accumula t ion  by v e g e t a t i o n  decreases r a p i d l y  w i t h  t h e  d i s t a n c e  f rom t h e  

source. However, o n l y  a mapping o f  a i r  p o l l u t a n t s  accumula t ion  i n  f o r e s t  

t r e e s  i n  a l a r g e  area, such as t h e  whole o f  Cent ra l  and Nor thern  Europe, 

may b r i n g  a b e t t e r  unders tand ing  o f  t r a n s p o r t a t i o n  and accumulat ion.  I n  

Europe more than  6 m i l i o n  ha o f  f o r e s t  a r e  damaged, and about 1 m i l i o n  ha 

o f  t h a t  i s  s e r i o u s l y  damaged (see Tab. 1 and 2). There i s  no doubt t h a t  a t  

l e a s t  1 m i l i o n  ha o f  s e r i o u s l y  damaged f o r e s t  i s  caused by a i r  p o l l u t i o n ,  

a t  l e a s t  as t h e  p r imary  cause o f  dec l i ne .  Wi thout  a i r  p o l l u t i o n  and i t s  

wide d i spe rs ion ,  as w e l l  as i t s  d i r e c t  and i n d i r e c t  i n f l u e n c e ,  t h e  recen t  
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f o r e s t  damage c o u l d  n o t  have occured i n  t h e  p resen t  form and ex ten t .  

Never the less  n o t  a l l  s c i e n t i f i c a l l y  p roven evidence i n d i c a t e s  t h a t  t h e  a i r  

p o l l u t a n t s  a r e  caus ing  t h e  most o f  t h e  p resen t  f o r e s t  damages. Many areas 

o f  damaged f o r e s t s  a r e  e f f e c t e d  by drought,  fungal  d iseases, i n s e c t s  and 

windbreaks. accumulated f rom year  t o  year ,  

due t o  h i g h  smoke s tacks ,  NO f rom growing road t r a f f i c  and h ighe r  

combustion tempera tures  i n  fu rnaces  and ozon fo rma t ion ,  a r e  no doubt a 

s t e a d i l y  i n c r e a s i n g  nega t i ve  f a c t o r  t o  vegeta t ion ,  s o i l  and water 

con tamina t ion  l e a d i n g  t o  t o x i c  l e v e l s  o f  accumulat ion.  The damage process 

i s  d i f f i c u l t  t o  s tudy  e m p i r i c a l l y ,  s i n c e  severa l  p o l l u t a n t s  a r e  a c t i v e  a t  

t h e  same t i m e  l e a d i n g  t o  s y n e r g i s t i c  e f f e c t s .  The recen t  widespread and 

i n c r e a s i n g  f o r e s t  damages a r e  presumed t o  be caused by a complex s e t  o f  

f a c t o r s ,  b i o t i c ,  a b i o t i c ,  c l i m a t i c ,  man-made, e t c .  whose r e l a t i v e  

impor tance v a r i e s  acco rd ing  t o  s i t e  cond i t i ons .  The e f f e c t  o f  a c i d  

p r e c i p i t a t i o n  on t h e  l e a f  su r face  o f  t r e e s  and t h e  s o i l  caus ing  t h e  

l e a c h i n g  o f  n u t r i e n t s  i s  e s p e c i a l l y  dangerous. 

There a r e  severa l  hypotheses about t h e  f o r e s t  d e c l i n e  i n  Europe: The 

a c i d i f i c a t i o n  - aluminium t o x i c i t y  hypo thes i s  developed by U r l i c h  ( r e f .  11) 

ho lds  t h a t  t h e  n a t u r a l  a c i d i f i c a t i o n  o f  f o r e s t  s o i l s  i s  acce le ra ted  as a 

r e s u l t  o f  t h e  d e p o s i t i o n  o f  a c i d i c  and a c i d i f y i n g  substances from t h e  

atmosphere l e a d i n g  t o  inc reased concen t ra t i ons  o f  s o l u b l e  aluminium ions. 

Aluminium t o x i c i t y  r e s u l t s  i n  nec ros i s  o f  f i n e  r o o t s  and a decrease i n  t h e  

water  uptake and death  o f  t h e  t r e e s ,  p a r t i c u l a r l y  d u r i n g  drought  per iods .  

The ozone hypo thes i s  based on f i e l d  obse rva t i ons  o f  f o l i a r  symptoms 

and measurements o f  ozone concen t ra t i ons  as w e l l  as on c o n t r o l l e d  exposures 

o f  seed l i ngs  o f  va r ious  t r e e  spec ies  presumes t h a t  ozone leads  t o  d i r e c t  

damage o f  leaves ,  weakening o f  c e l l  membranes and n u t r i e n t s  t o  be l o s t  

But t h e  wide d i s p e r s i o n  o f  SO 
2 ’  

X 

f rom damaged ce l s .  

The aluminium d e f i c i e n c y  hypothes is  based on so 

ana lyses  i n  h i g h  e l e v a t i o n  spruce stands shows 

d e f i c i e n c y  i n  t r e e s  and b i g  supp l i es  o f  n i t r o g e n  and 

d i s tu rbance  o f  t hese  t r e e s  growths ( r e f .  12). 

The ammonium hypothes is  ( r e f .  13)  suggests t h a t  

1 and f o l i a r  chemical 

an extreme magnesi um 

ca lc ium l e a d i n g  t o  t h e  

a n i t r o g e n  bu i l d -up  

i n  s o i l  and p l a n t s  due t o  t h e  h i g h  amounts o f  atmospher ic f a l l o u t  i s  

caus ing  fo rma t ion  o f  c e l l s  w i t h  l a r g e  volumes t h a t  a r e  e a s i l y  a t tacked  by 

wind, d rought  and pa ras i tes .  
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The genera l  s t r e s s  hypothes is  ( r e f .  12) regards  t h e  who le-p lan t  

carbohydra te  economy d i s tu rbance  due t o  a decrease i n  t h e  n e t  

p h o t o s y n t h e t i c  p r o d u c t i o n  and t h e  assoc ia ted  d i v e r s i o n  o f  carbohydra tes  t o  

l e s s  mob i l e  and p o t e n t i a l l y  t o x i c  secondary substances l e a d i n g  t o  a poor  

development o f  f i n e  r o o t s  and mycor rh izae and t o  f o l i a r  d e c l i n e ,  t o  be t h e  

major  e f f e c t  o f  a i r  p o l l u t i o n .  

One more hypo thes i s  as t o  t h e  exp lana t ion  o f  t r e e s  death  due t o  a i r  

p o l l u t i o n  may be added - t h e  t h e o r y  o f  a supress ion  o f  t h e  s y m p l i s t i c  ways 

o f  t r a n s l o c a t i o n  o f  carbohydra tes  f rom leaves  t o  roo ts .  A decrease i n  t h e  

carbohydra te  p roduc t i on  and a r e d u c t i o n  o f  t h e  r a d i a l  growth o f  t r e e s  cause 

f i r s t  o f  a l l  a d i s tu rbance  i n  t h e  phloem growth ( r e f .  14.). Sieve tube  

elements f u n c t i o n  o n l y  f o r  a few months and t o  ensure permanent supp ly  o f  

o rgan ic  substances f rom t h e  t r e e  crown t o  roo ts ,  t h e r e  has t o  be a 

cont inuous  growth o f  t h e  new l a y e r s  o f  phloem th rough t h e  whole t r e e  t r u n k .  

Any decrease i n  t h i s  pathway leads  t o  t h e  s t a r v a t i o n  o f  t h e  r o o t  system 

i n c l u d i n g  t h e  con t inuous  growth  o f  f i n e  r o o t s  which c o n d i t i o n  t h e  p roper  

uptake o f  water  and m ine ra l  n u t r i e n t s  as w e l l  as t h e  s t a r v a t i o n  o f  

m y c o r r h i z i c  f u n g i .  I n  t h i s  way a decrease i n  t h e  f o l i a r  f u n c t i o n  due t o  a i r  

p o l l u t i o n  causes a decrease i n  t h e  r o o t s  f u n c t i o n  as t o  water  uptake. Th is  

r e d u c t i o n  o f  water  up take  has d e l e t e r i o u s  e f f e c t  on t h e  crowns f u n c t i o n  

l e a d i n g  f i n a l l y  t o  a f u r t h e r  decrease i n  t h e  p h o t o s y n t h e t i c  a c t i v i t i e s  o f  

leaves .  A t r e e  w i t h o u t  f i n e  r o o t s  behaves as a p iece  o f  branch p u t  i n  a 

b o t t l e  o f  water  - a mechanical water  up take  can n o t  ensure  a normal g rowth  

and leads  t o  t h e  dea th  o f  t h e  t ree .  A very  common symptom o f  abundant 

fo rma t ion  o f  a d v e n t i t i o u s  shoots  on t h e  upper s ides  o f  branches l o c a t e d  as 

near t h e  ground as p o s s i b l e  i n  f i r s ,  p ines  and spruces i n  p o l l u t e d  areas 

serves t w o f o l d :  i n  lower  p a r t s  o f  t h e  f o r e s t  t h e r e  i s  a much sma l le r  a i r  

p o l l u t a n t s '  accumula t ion  i n  needles due t o  t h e  decrease o f  wind speed, and 

t h e  t r a n s l o c a t i o n  way f rom leaves  t o  r o o t s  i s  shortened, f a c i l i t a t i n g  s i e v e  

t u b e ' s  fo rmat ion .  

The t h e o r y  o f  suppression o f  t h e  s y m p l i s t i c  way o f  t r a n s l o c a t i o n  

c o n t r i b u t e s  a l s o  t o  t h e  e x p l a n a t i o n  o f  t h e  very  h i g h  s u s c e p t i b i l i t y  o f  f i r  

t o  a i r  p o l l u t i o n ,  s i n c e  t h e  fir phloem s i e v e  tubes  a r e  t h e  most s h o r t - l i v e d  

and o n l y  a few l a y e r s  o f  phloem c e l l s  a r e  formed pe r  yea r  ( r e f .  1 5  and 16). 

It a l s o  e x p l a i n s  why t h e  o l d e r  and t a l l e r  t r e e s  a r e  more damaged by a i r  

p o l l u t i o n  than  t h e  young and smal l  ones - i n  young t r e e s  t h e  t r a n s l o c a t i o n  
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f rom r o o t s  t o  leaves  i s  much s h o r t e r  than i n  o l d  ones. Table 2 i l l u s t r a t e s  

f o r e s t  t r e e  damages broken down t o  t r e e  spec ies  i n  s e l l e c t e d  c o u n t r i e s  f rom 

which such da ta  were a v a i l a b l e .  The t a b l e  rep resen ts  seven species o r  

genera i n  four  c o u n t r i e s  and groups o f  spec ies  i n  two c o u n t r i e s .  The da ta  

i n d i c a t e  t h a t ,  a l t hough  t h e r e  a r e  d i f f e r e n c e s  i n  sepera te  coun t r i es ,  

con i fe rous  t r e e s  a r e  more s u s c e p t i b l e  than broadleaved t r e e s ,  and t h a t  

Abies a lba  i s  always t h e  most s u s c e p t i b l e  t r e e  species.  S i l v e r  f i r  (Abies 

a l b a  M i l l . )  i s  one o f  t h e  most va luab le  f o r e s t  t r e e s  i n  m idd le -e leva t i on  

mountain ranges i n  Cent ra l  Europe. A p e r i o d i c a l l y  appear ing d isease has 

been known s ince  t h e  beg inn ing  o f  t h e  l a s t  cen tury ,  bu t  t h e  present  e x t e n t  

o f  t h e  d e c l i n e  i s  so wide t h a t  i n  many p a r t s  o f  Europe t h i s  spec ies  w i l l  be 

t o t a l l y  l o s t  as a f o r e s t  t r e e .  The t a l l ,  above 60-80 yea rs  o l d ,  t r e e s  a r e  

a f f e c t e d  more s e r i o u s l y  than  t h e  younger ones. S tud ies  o f  p o l l e n  and 

r e c o n s t r u c t i o n  o f  Abies movement i n  t h e  l a s t  5000 yea rs  ( r e f .  18) i n d i c a t e  

a cont inuous  o s c i l l a t i o n  o f  t h e  area o f  d i s t r i b u t i o n  o f  t h i s  species and a 

m i g r a t i o n  towards t h e  n o r t h  o r  t h e  south.  The p resen t  d e c l i n e  may be t h e  

nex t  "wave" towards t h e  south. But t h e r e  i s  no doubt t h a t  man-made a i r  

p o l l u t i o n  i s  one o f  t h e  major  f a c t o r s  o f  t h e  disappearance o f  t h e  species.  

Pines and spruces, i n  Europe, as w e l l  as i n  t h e  USA ( r e f .  19) a re  

among t h e  most s u f f e r i n g  spec ies  f o r  t h e  l a s t  20 years.  Dur ing  t h e  l a s t  few 

yea rs  t h e r e  i s  i n c r e a s i n g  damage t o  broadleaved species,  such as oak, beech 

and sycamore maple. Species o f  l o r c h  and b i r c h  a r e  so f a r  t h e  most 

r e s i s t a n t  t o  a i r  p o l l u t i o n ,  however w i t h  heavy p o l l u t i o n  they  s u f f e r  f rom 

e a r l y  l e a f  f a l l  and a d i s c o r d e r  o f  branching. The f o r e s t  d e c l i n e  i n  Europe 

and i n t e n s i v e  research  o f  t h e  USA and Canada absorbs n o t  o n l y  t h e  p u b l i c  

op in ion ,  b u t  a l s o  t h e  f o r e s t e r s  and s c i e n t i s t .  A l o t  o f  d i f f e r e n t  

exp lana t ions  e x i s t  as t o  why t h e  damage expands. The con t rove rsy  between 

n a t u r a l  causes o f  f o r e s t s '  d e c l i n e  such as diseases, i nsec ts ,  droughts,  

etc. ,  as p r imary  s t resses  and a i r  p o l l u t i o n ,  may be so lved by a chemical 

a n a l y s i s  o f  1 e a f  con ten t .  

as c o n s t i t u e n t s  

o f  o rgan ic  mo lecu les ,  o r  as i o n i c  forms or d e p o s i t s  o f  i n s o l u b l e  s a l t ,  may 

be i n  d e f i c i e n c y ,  abundance o r  accumula t ion  i n  p l a n t s  may reach a t o x i c  

l e v e l .  i s  a c l o s e  r e l a t i o n s h i p  between con ten t  o f  p o l l u t a n t s  i n  a i r  

and t h e i r  accumula t ion  i n  leaves. F ig .  4 rep resen ts  s t u d i e s  o f  t h e  su lphur  

con ten t  i n  p i n e  needles i n  Poland. It i l l u s t r a t e s  t h e  g rea t  d i f f e r e n c e  i n  

Any o f  t h e  elements p resen t  i n  t h e  t i s s u e  o f  a p l a n t  

There 
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su lphu r  con ten t  between p i n e  grown i n  c lean  areas and h e a v i l y  p o l l u t e d  

ones. It proves  t h e  use fu lness  o f  sco tch  p i n e  (P inus  s i l v e s t r i s  L.) as an  

i n d i c a t o r  and an accumulator o f  environmental  p o l l u t i o n .  

The p i n e  served f o r  c o n s t r u c t i n g  t h e  map o f  p o l l u t i o n  f o r  Poland 

presented  i n  F ig .  1 and F ig .  2. 

The chemical  compos i t ion  o f  leaves  (need les)  may b r i n g  va luab le  

i n f o r m a t i o n  about s tands '  d e c l i n e  n o t  o n l y  because o f  p o l l u t a n t s ,  bu t  a l s o  

because o f  n u t r i e n t s '  a v a i l a b i l i t y .  Potassium o r  n i t r o g e n  d e f i c i e n c y  i n  

up land o rgan ic  s o i l s  i n  B r i t a i n  caused a y e l l o w i n g  o f  needles ( r e f .  6.) I n  

West Germany t h e  y e l l o w i n g  o f  o l d e r  needles i s  connected w i t h  magnesium 

concen t ra t i ons .  G r o w t h - l i m i t i n g  n u t r i e n t  l e v e l s  a r e  n o t  adequat ly  

documented; s t u d i e s  o f  a dose-response curve  f o r  t h e  growth o f  d i f f e r e n t  

f o r e s t  t r e e  spec ies  a r e  needed, which means exper imen ta t i ons  w i t h  a wide 

range o f  n u t r i e n t s  and po l  1 u tan ts .  An ex tens i ve  f o l  i a r  a n a l y s i s  r e l a t e d  t o  

a i r  p o l l u t i o n  and a s o i l  a n a l y s i s  may a l s o  c o n t r i b u t e  impor tan t  i n f o r m a t i o n  

r e l a t e d  t o  t h e  unders tand ing  o f  t h e  f o r e s t  dec l i ne .  Fig.  5 rep resen ts  t h e  

compos i t ion  o f  t h e  f o u r t e e n  most impor tan t  elements i n  p i n e  needles i n  

f a i r l y  c lean  and h e a v i l y  p o l l u t e d  areas. However one impor tan t  f a c t o r  has 

t o  be  observed - t h e  c o l l e c t i o n  o f  t h e  f o l i a r  m a t e r i a l s  has t o  t a k e  i n t o  

c o n s i d e r a t i o n  t h e  t i m e  o f  t h e  growing p e r i o d  and t h e  p a r t i c u l a r  t u rnove r  o f  

elements by p l a n t s  i n  t h a t  p a r t i c u l a r  t ime.  The second p a r t  o f  t h e  w i n t e r  

seems t o  be bes t  because a t  t h i s  t i m e  t h e r e  i s  t h e  h i g e s t  con ten t  o f  

p o l l u t a n t s ,  and a l l  o t h e r  elements a r e  n o t  i n  any p h y s i o l o g i c a l  

t rans fo rma t ion .  

Any assessment o f  f o r e s t  d e c l i n e  i s  d i f f i c u l t  w i t h o u t  analyses o f  

and y i e l d  o f  wood and these  must be based on l ong te rm s t u d i e s  o f  a t  growth 

l e a s t  5-10 years .  

The assesment may be made on t h e  b a s i s  o f  t r e e  r i n g  analyses o f  t h e  

cores  o f  sample t r e e s  on permanent t r i a l  p l o t s ,  as w e l l  as on t h e  b a s i s  o f  

p e r i o d i c  measurements o f  s tands  on permanent t r i a l  p l o t s  w i t h  c o n s i d e r a t i o n  

t o  a l l  t r e e s  removed f rom t h e  s tand  between t h e  measurement per iods .  C lea r  

r e l a t i o n s h i p s  were n o t i c e d  between t h e  e x t e n t  of need le  losses  and 

increment  reduc t i on .  I n  t h e  n o r t h e a s t e r n  U.S. (New York, Vermont, New 

Hampshire and Maine) a s tudy  of  increment cores  f rom 3000 r e d  spruce t r e e s  

showed t h a t  t h e  r e d u c t i o n  i n  g rowth  r a t e s  began around 1960. I n  t h e  1980 as 

t h e  growth r a t e  i s  from 13% t o  40% l e s s  t h a n  i t  was i n  t h e  h i g h e s t  g rowth  
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y e a r  1960. I n  t h e  southeas tern  U.S. (Georgia,  South and Nor th  Caro l i na  and 

V i r g i n i a )  t h e  d iameter  growth r a t e s  o f  l o b l o l l y ,  s h o r t l e a f  and s l a s h  p ines  

have decreased by 20% t o  39% over  t h e  pas t  20 y e a r s  ( r e f .  6 ) .  These changes 

i n  growth r a t e s  do n o t  appear t o  be r e l a t e d  t o  s tand age o r  dens i t y .  

Exper iments w i t h  t h e  e f f e c t s  o f  a cont inuous  sp r ing t ime  fum iga t ion  

w i t h  SO on CO up take  and s t r u c t u r e  o f  t h e  annual r i n g  i n  spruce done by 

K e l l e r  ( r e f .  20) p roved t h a t  SO concen t ra t i ons ,  wh ich  do not  cause t h e  

development o f  v i s i b l e  symptoms o f  i n j u r y  i n  spruce, reduced t h e  

p h o t o s y n t h e t i c  a c t i v i t y  and cambium growth. The p roduc t i on  o f  t h e  annual 

r i n g  decreased and t h e  amount and d e n s i t y  o f  l a t e  wood was reduced. The 

r e d u c t i o n  o f  t h e  growth  o f  severa l  f o r e s t  t r e e s  i n  exper imenta l  and f i e l d  

c o n d i t i o n s  w i t h o u t  v i s i b l e  f o l i a r  has been documented many t imes ( r e f .  19 

and 21). 

Besides t h e  f o l i a r  a n a l y s i s  o f  n u t r i e n t s  and p o l l u t a n t s  conten t  and 

t r e e  r i n g  analyses, t h e  nex t  ve ry  impor tan t  i n d i c a t o r  o f  f o r e s t  d e c l i n e  i s  

t h e  decompos i t ion  r a t e  o f  t h e  l i t t e r  cover,  which i n  t h e  h i g h  

concen t ra t i ons  o f  SO inc reases  because o f  an i n h i b i t i o n  o f  p ine  l i t t e r  

which may be t h e  r e s u l t  o f  d e c l i n e s  i n  t h e  m i c r o b i a l  a c t i v i t y ,  d e f i c i e n c y  

i n  c r i t i c a l  system n u t r i e n t s ,  t o g e t h e r  w i t h  an accumula t ion  o f  t o x i c  

m a t e r i a l s ,  and may be c l a s s i f i e d  as a " ca rpe t  e f f e c t "  i n  t h e  p o l l u t e d  

f o r e s t .  The l i t t e r  bags method may be used f o r  t h e  s tudy  o f  f i e l d  

decompos i t ion  r a t e s  ( r e f .  21). 

2 2 

2 

2 

High and permanent a i r  p o l l u t i o n  i n  a f o r e s t e d  area  leads  t o  se r ious  

damages f i n a l l y  k i l l i n g  almost a l l  o f  t h e  p l a n t s  and c r e a t i n g  a deser t .  I n  

Poland around some b i g  o l d  f a c t o r i e s  w i t h  heavy p o l l u t i o n  one can 

d i s t i n g u i s h  t h e  f o l l o w i n g  t h r e e  d i s t i n c t  zones ( r e f .  22):  

- Where a i r  p o l l u t i o n  i s  damaging t r e e s ,  t h e  f o r e s t  changes t o  a 

p o o r - q u a l i t y  woodland zone (mos t l y  b r i c h  - Be tu la  ver rucosa)  and 

o c c a s i o n a l l y  oak, pop la r ,  hagberry.  

p o o r - q u a l i t y  woodland changes t o  i n d u s t r i o g e n i c  shrub communities 

( r e f .  23) o f  Pinus s i l v e s t r i s  g rowing  as shrubs about 1 - 1.5 met res  

h i g h  w i t h  some Jun iperus  communis, S a l i x  y o s m a r i n i f o l i a .  Quercus 

robu r  and Q. rubra ,  Ca l luna v u l g a r i s ,  A rab is  arenosa, Rumex acetosa. 

R. a c e t o s e l l a ,  Festuca ov ina ,  M o l i n i a  coeru lea ,  Deschampsia f lexuosa,  

Ceratodan purpureus, Bryum c a e s p i t i c i u m  and a few more species.  

- Where a i r  p o l l u t i o n  i s  l e t h a l  (about 2 met res  above t h e  ground) 
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The biomass p r o d u c t i o n  of  t h i s  t ype  o f  v e g e t a t i o n  i s  about 3000 

t o  5000 kg o f  d r y  m a t t e r  o f  woody p l a n t s  p e r  hec ta re  and t h a t  i s  

about 1 t o  4% o f  what can be produced i n  such an area by normal 

vege ta t i on  undamaged by p o l l u t i o n .  

With s t i l l  h i g h e r  p o l l u t i o n  near t h e  f a c t o r i e s ,  shrubs communit ies 

change t o  an i n d u s t r i o g e n i c  g rass land w i t h  Deschampsia f l exuosa  and 

Calamagrost ic ep ige ios ,  C. v i l o s a  and s i m i l a r  grasses o r  S i l ene  i n f l a n t a  

w i t h  Arab is  arenosa communities. I f  t h e  contaminat ion  i s  s t i l l  h i g h e r  i n  

areas a d j o i n i n g  f a c t o r i e s ,  t h e  g rass land  changes t o  naked m ine ra l  s o i l  w i t h  

s c a t t e r e d  smal l  groups o f  s i l e n e  i n f l a t a ,  Arab is  arenosa and A g r o s t i s  

v u l g a r i s  i n  some places. I n  o t h e r  p laces  Festuca ov ina  o r  Oeschampsia 

f l exuosa  grow. 

I n d u s t r i a l  p o l l u t i o n  a c t s  as an agent o f  s e l e c t i o n  caus ing  d r a s t i c  

changes i n  t h e  compos i t ion  o f  a f o r e s t ,  e l i m i n a t i n g  f i r s t  a l l  t h e  t r e e s  

t h a t  a r e  more s u s c e p t i b l e  t o  p o l l u t a n t s .  F i n a l l y  o n l y  p a r t  o f  t h e  o r g i n a l  

p o p u l a t i o n  i s  ma in ta ined  which was a b l e  t o  w i t h s t a n d  t h e  p o l l u t e d  

environment.  The development o f  e l e c t r o p h o r e t i c  techn iques  f o r  t h e  a n a l y s i s  

o f  isoenzymes and s t u d i e s  o f  provenances and c lones  o f  d i f f e r e n t  spec ies  o f  

t r e e s  revea ls  t h a t  an inc reased t o l e r a n c e  t o  p o l l u t a n t s  may have a gene t i c  

b a s i s  ( r e f .  242) D i f f e r e n c e s  between provenances i n  Picea ab ies  can be so 

g rea t  t h a t  t h e y  may be comparable w i t h  d i f f e r e n c e s  between species.  The 

most SO - t o l e r a n t  provenances o f  Picea ab ies  a r e  comparable i n  r e s i s t a n c e  

t o  Picea pungens. Provenances o f  Picea ab ies  f rom mountains and t h e  n o r t h  

a r e  u s u a l l y  more r e s i s t a n t  than low land  and Southern provenances ( r e f .  25 

and 2 6 ) .  S tud ies  of p o l l u t i o n  r e s i s t a n c e  i n  some F i n n i s h  sco ts  p i n e  prove- 

nances showed t h a t  t h e  more r e s i s t a n t  n o r t h e r n  p i n e  

xeromorphism ( r e f .  27). S i g n i f i c a n t  d i f f e r e n c e  i n  t h e  s e n s i t i v i t y  t o  SO 
2 

i n  l a r i x  dec idua and t h e  h y b r i d  p rogen is  o f  l a r i x  decidua x l e p t o l e p i s  were 

severa l  t imes  i n d i c a t e d  ( r e f .  28, 29, 30). Kornosky ( r e f .  31) showed 

d i f f e r e n c e s  i n  t h e  r e s i s t a n c e  t o  0 i n  F rax inus  pennsylvanica.  

I n  s p i t e  o f  a very  s h o r t  p e r i o d  o f  p o l l u t i o n  a c t i o n  on p l a n t s  t h e r e  i s  

a l ready  ev idence o f  some p l a n t  p o p u l a t i o n s '  hav ing  adapted t o  a i r  p o l l u t i o n  

( r e f .  32). Popu la t i ons  o f  herbaceus species growing under heavy s o i l  o r  a i r  

p o l l u t i o n  f o r  many genera t ions  have formed races  g e n e t i c a l l y  adapted t o  

such c o n d i t i o n s .  Adapta t ion  examples or v a r i a b i l i t y  i n  response t o  

p o l l u t a n t s  were desc r ibed  severa l  t imes f o r  d i f f e r e n t  species,  as S i l e n e  

2 

has a g r e a t e r  

3 
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d i o i c a  adapted f o r  a h i g h  con ten t  of  copper carbonate ( re f .  33.). Geranium 

ca ro l i n ianum t o  su lphu r  d i o x i d e  ( re f .  34) ,  Agros t i cs  t e n i u s  t o  copper and 

z i n c  i n  t h e  s o i l  ( r e f .  35) ,  Lo l ium perenne t o  SO ( r e f .  36) e t c .  

It takes  many genera t ions  t o  produce a new r e s i s t a n t  l i n e .  I n  t r e e s  i t  

i s  a ve ry  d i f f i c u l t  t ask  due t o  a l o n g  p e r i o d  f rom germinat ion  t o  seed 

produc t ion .  However, i t  i s  known a l ready  t h a t  many t r e e  spec ies  such as 

Pinus s i l v e s t r i s  L., Picea ab ies  L., L a r i x  spp., Pinus ponderosa laws, 

Pinus c o n t a r t a  Daugl., Pinus s t robus  L. and Pseudotsuga t a x i f o l i a  B r i t .  

r ep resen t  a g r e a t  v a r i a b i l i t y  a l s o  i n  t h e i r  s e n s i t i v i t y  t o  SO f l u o r i d e ,  

ox idan ts  ( r e f .  37) .  

V a r i a b i l i t y  i n  t r e e  species,  a g rea t  area o f  d i s t r i b u t i o n ,  and o l d  

v e g e t a t i v e  rep roduc t i on  as w e l l  as new b i o t e c h n o l o g i c a l  methods o f  b reed ing  

may b r i n g  r e s u l t s  much f a s t e r  t han  i t  might  be a n t i c i p a t e d .  However, a 

wide i n t e r n a t i o n a l  coopera t i on  i s  needed i n  t h e  s e l e c t i o n  o f  r e s i s t a n t  o r  

l e s s  susceptab le  i n d i v i d u a l  t r e e s  i n  areas o f  permanent p o l l u t i o n  as w e l l  

as i n  t h e  development o f  new methods o f  p ropagat ion  and breed ing .  

Research on t h e  h e r i t a b i l i t y  o f  t o l e r a n c e  t o  a i r  and s o i l  p o l l u t i o n  i n  

Deschampsia caesp i tosa  showed t h a t  i t  i s  due t o  a d d i t i v e  gene e f f e c t s  ( r e f .  

32),  so i t  shou ld  show a r a p i d  response t o  s e l e c t i o n .  Examinat ion o f  t h e  

seg rega t ion  p a t t e r n  o f  p rogen is  o f  c o n t r o l l e d  crosses, as shown f o r  

Anthoxanthum odoratum, and o t h e r  species,  i n d i c a t e s  t h a t  t h e  t o l e r a n c e  t o  

p o l l u t i o n  migh t  be determined by polygenes and w i t h  some dominance t o  t h e  

t o l e r a n t  pa ren ts  ( r e f .  38). The r e d u c t i o n  o f  p o l l u t i o n  i s  t h e  o n l y  way t o  

save v e g e t a t i o n  and f o r e s t s ,  f i r s t  o f  a l l  i n  an immediate emergency a c t i o n  

i n  Europe b u t  a l s o  i n  l o n g  te rm a c t i v i t y .  But s e l e c t i o n  and breed ing  f o r  

r e s i s t a n c e  t o  a i r  and s o i l  p o l l u t i o n  o f  t r e e s ,  shrubs and herbaceus p l a n t s  

shou ld  a l s o  one o f  t h e  major  a c t i v i t i e s  o f  b i o l o g i s t s  s ince  i t  i s  d o u b t f u l  

t h a t  we s h a l l  reach abso lu ty  c lean  a i r  and s o i l  i n  our  p resent  wor ld ,  which 

i s  overcrowded, over-armed and produces t o o  many unnecessary p roduc ts .  

2 

2’ 

The breed ing  o f  t r e e s  and shurbs r e s i s t a n t  t o  p o l l u t i o n  shou ld  go i n  

t h e  d i r e c t i o n  o f  t r u e  accumulators o f  t o x i c  m a t e r i a l s  w i t h  as l i t t l e  

i n t e r n a  

I n  

Czechos 

g r e a t l y  

f o r e s t  

damage as poss ib le .  

many c o u n t r i e s  o f  Cent ra l  Europe e s p e c i a l l y  i n  Poland, 

ovak ia ,  t h e  Federal  Repub l ic  o f  Germany, game p o p u l a t i o n  inc reased 

Hoofed game a re  now a very  impor tan t  cause o f  damage t o  young 

by browsing and f r a y i n g  and even t o  o l d e r  stands by p e e l i n g  stands 
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bark.  I n  Poland 250.000 ha o f  f o r e s t  a r e  s e r i o u s l y  damaged by game. 

Exceedingly l a r g e  game p o p u l a t i o n s  endanger t h e  r e s u l t s  o f  genera t ions  i n  

p a r t i c u l a r  w i t h  rega rd  t o  deciduous t r e e  spec ies  and spruces i n  Rep. 

o f  Germany, and p ine ,  f i r  and spruce i n  Poland. 

I n  one o f  t h e  most p o l l u t e d  f o r e s t s ,  Niepolomice, t h e r e  a r e :  r e d  deer, 

0.02 i n d i v i d u a l  pe r  ha i n  deciduous f o r e s t s  and almost 3 t imes  as many i n  

t h e  con i fe rous  f o r e s t s .  The roe-deer p o p u l a t i o n  i s  t w i c e  as dense i n  t h e  

deciduous f o r e s t s  0.29 - 0.33 i n d i v i d u a l  pe r  ha, t h a n  i n  c o n i f e r o u s  ones. 

The w i l d  boar range f rom 0.009 t o  0.02 i n d i v i d u a l  p e r  ha (0.014 average) 

( r e f .  3 9 ) .  

I n  Poland t h e r e  a r e  more than 250 european b isons ,  about 6 000 moose, 

80 000 r e d  deer, 80 000 w i l d  boars  and nore  than  400 000 roe-deer 

a1 toge the r .  

The browse o f  w i l d  an ima ls  i n  p o l l u t e d  areas i s  contaminated w i t h  

su lphur  and heavy meta ls ,  which r e s u l t s  i n  an i nc rease  i n  t h e i r  

c o n c e n t r a t i o n  i n  deer a n t l e r s .  I n  t h e  Niepolomice Fo res ts  w i t h  a heavy 

p o l l u t i o n  deer a n t l e r s  show a 30% inc rease  i n  su lphur ,  and a 10% inc rease  

i n  heavy me ta l s  ( r e f .  3 9 ) .  The p o l l u t i o n  o f  food i s  blamed f o r  a d rop  i n  

t h e  q u a l i t y  o f  a n t l e r s  i n  t h i s  F o r e s t  - i n  t h e  l a s t  20 yea rs  t h e r e  has been 

a 32% decrease i n  t h e  average we igh t  o f  a n t l e r s ,  a 29% decrease i n  a n t l e r  

l engh t ,  and a 25-30s decrease i n  t r o p h y  q u a l i t y  as es t imated  f rom 

i n t e r n a t i o n a l  CJC t a b l e s .  

W i l d l i f e  and e s p e c i a l l y  b i g  game, do no t  decrease t h e i r  p o p u l a t i o n  due 

a i r  p o l l u t i o n ,  however they  do s u f f e r  f rom t h e  p o l l u t i o n  o f  food, which 

The development o f  i n s e c t s  i s  i n  some groups c l o s e l y  r e l a t e d  t o  a i r  

p o l l u t i o n ,  i n  o t h e r s  n o t . L e a f - e a t i n g  i n s e c t s  a r e  u s u a l l y  reduced by an 

inc reased a i r  p o l l u t i o n ,  b u t  n o t  i n  a l l  genera, secondary pes ts  u s u a l l y  

i nc rease  t h e i r  popu la t i ons .  

I n  p o l l u t e d  f o r e s t s  t h e  number o f  secondary pes ts  inc reases ,  

e s p e c i a l l y  as t o  cambiophagous i n s e c t s .  The most abundant spec ies  a r e  

Blastophagus p i n i p e r d a  L. and Pissodes p i n i p h i l u s  Host. The l e s s  v i a b l e  

t r e e s  a t t r a c t  cambiophagous insec ts ,  p robab ly  due t o  e i t h e r  a decreased 

water con ten t  i n  t h e  t r e e  and a decreasedosmot ic  p ressure ,  o r  t o  an 

inc reased con ten t  o r  mod i f i ed  compos i t ion  o f  e t h e r i c  o i l s .  Another 

assemblage o f  cambiophagous spec ies  i nc ludes  Blastophagus minor  Htg., 

Fed. 

t o  

should have i t s  i n f l u e n c e  i n  f u t u r e .  
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Pi tyogenes B iden ta tus  Hbst., P i t yoph tho rus  p i t yyog raphus  Rotz., Pissodes 

p i n i  L., Monochamus g a l l o p r o v i n c c a l i s  Ol.,  Acanthocinus a e d i l i d  L., 

Cr ioepha lus  r u s t i c u s  L., Rhagium i n q u i s i t o r  L., and C a l l i d i u m  aenum Deg. 

The occurance o f  such a d i v e r s i t y  and abundance o f  pes ts  r e s u l t s  i n  a 

cons ide rab le  i n j u r y  t o  t h e  t r e e s  ( r e f .  3 9 ) .  

A d e c l i n e  i n  grasshopper popu la t i ons  (Melanoplus and E r i t e t t i x )  i n  

exper imenta l  s i t e s  o f  t h e  p o l l u t e d  aera of  C o l s t r i p  (USA) has been 

ind i ca ted .  S i m i l a r l y ,  a d e c l i n e  i n  saprophagous and necrophagous b e e t l e s  

has been descr ibed,  which l eads  t o  an a l t e r a t i o n  of  t h e  decomposi t ion r a t e s  

o f  l i t t e r  ( r e f .  21). 

I n d u s t r i a l  p o l l u t i o n  i n t e n s i f i e s  t h e  a c t i o n  o f  some phytophagous 

i n s e c t s  on f o r e s t s .  E x o t e l e i a  dodece l l a  and Rhyac ion ia  bou l i ana  i n  young 

p i n e  p l a n t a t i o n s  i n t e n s i f y  t h e i r  i n j u r i o u s  e f f e c t s .  Others,  m o s t l y  Cynips 

l i g n i c o l a  Htg., i nc rease  t h e i r  abundance i n  young oak p l a n t a t i o n s .  These 

i n s e c t s  cause damage t o  buds, and due t o  t h e i r  mass occur rence they  i n h i b i t  

t h e  h e i g h t  g rowth  o f  t r e e s ,  reduc ing  t h e  growth of shrubs ( r e f .  3 9 ) .  

The f o r e s t  i n v e n t o r y  o f  t h e  i n f e s t a t i o n  w i t h  i n s e c t s  and fung i  o f  

t r e e s  i n  t h e  Federal  Repub l ic  o f  Germany r e v e a l s  t h a t  i n  c o n t r a s t  t o  

b i o l o g i c a l  research  r e s u l t s ,  t r e e s  w i t h  f o l i a g e  damage symptoms have l e s s  

t r e e s  i n f e s t e d  w i t h  f u n g i  and i n s e c t s  ( seve re l y  damaged - 9.9%) than  t r e e s  

w i t h o u t  symptoms o f  damage (13.8%), bu t  t h e  bark  b e e t l e s  develop 3 t imes  

b e t t e r  on damaged t r e e s  than  on h e a l t h y  ones ( r e f .  7 ) .  

The P o l i s h  f o r e s t  i n v e n t o r y  ( r e f .  40) shows t h a t  f ung i  and leave-  

e a t i n g  i n s e c t s  develop w i t h  no connect ion  t o  a i r  p o l l u t i o n  damages, bu t  

p o p u l a t i o n s  o f  secondary pes ts  develop much f a s t e r  i n  p o l l u t e d  areas of  

f o r e s t s .  

. 
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CONCLUSIONS 

1. The massive f o r e s t  damage i n  Europe and Nor th  America, i n  s p i t e  

o f  o t h e r  causes as droughts ,  funga l  d iseases ,  i n s e c t s  and windbreaks 

a r e  t r i g g e r e d  o f f  by a i r  p o l l u t i o n  as t h e  p r imary  cause and o n l y  a 

decrease o f  a i r  p o l l u t i o n  may save t h e  f o r e s t  f rom a f i n a l  d e s t r u c t i o n .  

2. The long- range t ransboundary  t r a n s p o r t  o f  a i r  p o l l u t a n t s  migh t  

have a d e f i n i t e  d i r e c t  i n f l u e n c e  on t h e  vege ta t i on  i n  ne ighbour ing  

c o u n t r i e s ,  where f o r e i g n  impor ted  a i r  p o l l u t a n t s  ove r lap  w i t h  l o c a l  

p o l l u t i o n .  I t i s  d i f f i c u l t  t o  p rove  t h e  s t r o n g l y  nega t i ve  d i r e c t  e f f e c t s  

o f  t hese  p o l l u t a n t s  th roughout  t h e  c o u n t r i e s  t o  t h i r d  c o u n t r i e s  over  

more than 1 000 - 1 500 km, b u t  t h e  i n d i r e c t  e f f e c t s  o f  a c i d  r a i n s ,  

mos t l y  t h rough  t h e  s o i l ,  a r e  obvious, e s p e c i a l l y  i n  a reas  prone t o  

a c i d i f i c a t i o n .  

3. Adequate methods o f  e v a l u a t i o n  and a l a r g e - s c a l e  mapping o f  

f o r e s t  areas, based on p o l l u t a n t s  accumula t ion  i n  f o r e s t  t rees ,  may 

b r i n g  a f u l l  p i c t u r e  o f  t h e  r e a l  t h r e a t  and t h e  sources o f  damage. 

The research  and e v o l u t i o n  o f  f o r e s t  damages shou ld  be c a r r i e d  ou t  

under t h e  superv i s ion  o f  t h e  UNEP. 

4. A wide i n t e r n a t i o n a l  coopera t i on  i s  needed i n  t h e  s e l e c t i o n  o f  

r e s i s t a n t  o r  a t  l e a s t  l e s s  s u s c e p t i b l e  i n d i v i d u a l  t r e e s  i n  areas o f  

permanent p o l l u t i o n ,  as w e l l  as i n  t h e  development o f  new methods 

o f  p ropaga t ion  and breed ing .  A v a r i a b i l i t y  i n  t r e e  species,  a g r e a t  

area o f  d i s t r i b u t i o n ,  and o ld - fash ioned  v e g e t a t i v e  rep roduc t i on  as 

w e l l  as new b i o t e c h n o l o g i c a l  methods o f  b reed ing  may b r i n g  r e s u l t s  

much f a s t e r  t han  i t  migh t  be a n t i c i p a t e d .  
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Table 1 

Fores t  damages i n  s e l e c t e d  c o u n t r i e s  based on ECE da ta  ( r e f .  5, 6 )  

f o r  F.R.G. on Federal  Government da ta  ( r e f .  7 )  f o r  Poland on t h e  Main 

S t a t i s t i c a l  O f f i c e  da ta  ( r e f .  8) .  

~ ~~~~ ~~ ~~ 

Country and Year To ta l  f o r e s t  Area o f  f o r e s t  Region 

o f  da te  area damages 

c o l  1 e c t  i on 1000 % o f  1000 % o f  

ha 1 and ha f o r e s t  

a rea  

Spain 1979 

I t a l y  1983 

France 1979 

Alsace + 1984 

L o r r a i n e  

Franche 1984 

Comte 

Nether1 ands 1984 

Luxemburg 1984 

I r l  and 1979 

Great-  1979 

B r i t a i n  

Denmark 1984 

S ta te  owned 

F i n l a n d  1979 

Norway 1979 

Sweden 1983 

Sw i t ze r land  1983 

A u s t r i a  1979 

Hungary 1985 

15 260 

5 341 

14 543 

428 

258 

281 

87 

317 

2018 

465 

105 

23 321 

8 330 

26 424 

1 052 

3 754 

1 594 

30.5 

26.7 

8.6 

4.6 

8.8 

11.6 

76.3 

27.1 

64.2 

26.5 

44.8 

17.3 

3 

278 5.2 

3 

40.6 

35.4 

49 

18.5 

3 

3 

3 

3 3  

120 3 

3 

200 3 

34 

330 9 

170 10 

Local sources 

Local  sources 

Rhone and Sein 

Val 1 ey 

Sca t te red  

Local  sources 

Local sources 

Nor th  -west e r n  

Ju t1  and 

Local sources 

South -eas tern  

Norway 

South Sweden 

Nor thern  cen te rs ,  

Val a r i  s 
Upper A u s t r i a  

S t r y r i a ,  T i r o l  

Local  sources 
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Czechoslo- 1979 4 535 36.1 450 10 Ore Mnt., I s e r  

vak ia  Mnt. 

F.R.G. 1982 560 8 Ag 1 ome r a  t i on 

1983 7 318 35 2 545 34 areas, r i d g e s  

1984 3 698 50 o f  c e n t r a l  

1985 3 824 52 h igh lands  

1980 8 622 27.6 383 4.4 Upper S i  1 e s i  a 

1983 8 639 27.6 465 5.4 Krakow, Torun, 

1984 8 645 27.6 571 6.6 W1 o c l  awek Reg. 

Pol and 1971 8 432 27 239 2.8 Sudety Mnt., 

Canada 1985 326 000 36 1100 1 Local  sources 
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- 
Selected information of forest damages broken down by tree species 
based on data for F.R.G. (ref. 7 ) .  for Poland (ref. 17)  and other 
countries ( r e f .  6 ) .  

___ 
Area of tree specie? 

__-I___ 

Country species Year Uamage sta&e % 
of 0 wichout I slighfly 2 moderately 3 + 4 severely 1000 % of total 

F.R.G. 
Yicea abies 

Pinus silv. 

Abies alha 

Fagus Sil". 

qurrcus spp. 

Others 

Total 

Poland 
Picea abies 

Italy 
Picea abies 
Abies Alha 
Pinus spp. 
Fagus silvarica 
Castanea sativa 
O a k s l d e c i d o u s l  
Oakslevergreensl 

-_ survey damage damagep___ 

I983 
1'185 
1983 
1985 
1983 

1983 
1985 
1983 

1983 
1985 
1983 
1985 

1985 

198s  

1983 
1983 

1983 

iktherlands 1984 
Total 
Coniferous 
Hoardleaved 
Pinus silvestris 
Pinus spp. 
Picea abies 
Pseudotsuga men. 
quercus spp.  
Fagus silvatica 
Broadleaved others 

Luxemburg 1985 
Conifers 60 Y.O. 

Broadleaved 
Total forests  

Switzerland 1984 
Coniferuus 
Broadleavrd 

60  years old 

59.1 
47.8 
57 .o 
42.5 
24.0 
12.8 
73.7 
45.5 
84.8 
44.7 
83.6 
69.5 
65.6 
49.1 

66 
7 3  

91 
92 
9 5  
93  
9 J  
95  
98 

50.5 
43.5 
67 .0  
34 
57 
6 2  
50 
57 
71 
74 

59.0 
90.5 
71.6 
79.1 

h2.4 
75.1 
- 

30 .0 

32 
40.5 
27 
20.5 
22 
40.1 
13 
38.9 

9 
22.7 
24.7 
32.7 

28.2 

23 
25 

7 
4 
4 
5 
5 
4 
1 

40 .0 
44.0 

51 
34 
28 
39 
38 
24 
23 

28.3 

34.7 
6 . 4  

23.7 
16.9 

2 8  .n 
21.7 

damaged 

10 .o 
21.4 
10 
15.3 
42 
50.3 

4 
13.1 

2 
15.7 

7 
6.7 
8.7 

17 

10 
2 

8.0 
11 .o 

3.7 
12 

8 
7 
9 
4 
1 
2 

5.8 
1.7 

3 .0 
4.0 

8.2 
3.0 

0.9 
2.6 
I .o 
I .7 
7.0 

16.4 
0.3 
1.3 
0.2 
0.7 
0 .4  
1.1 
I .0 
2.1 

I 

I 
2 
I 
I 
1 
I 
1 

1.5 
I .5 
I .o 
3 
1 
3 
2 
1 
I 
I 

0.5 
I .4 
0.7 
1 .o 

1 .4  
0.2 

2.951 

I .464 

176 

1.250 

615 

950 

7.371 

631 
6.267 

449 
117 

761 
760 

1.137 
188 

478 

113 
16 
13  
16 
44 

9 
47 

40 

20 

2 

17 

8 

13  

I00 

7 
72 

damaged aid-dead ha forested area __ 

_. 
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F i g .  1 

Massive domoges Local domages 

These f igures represent the percentage of sulphur in Scot Pine needles 

D i s t r i b u t i o n  o f  f o r e s t  damages i n  Europe due t o  a i r  p o l l u t i o n  as a 

pr imary source - compare Tabel 1. 

Area w i t h  t h e  massive damages has as a r u l e ,  a h i g h  con ten t  o f  su lphur  

i n  p i n e  needles (above 0.15%) areas w i t h  l o c a l  damages about 0.10 

t o  0.15%, and f a i r l y  c lean below 0.10. 
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F i g .  2 

A map o f  t h e  w o r l d  showing su lpha te -su lphu r  concen t ra t i ons ,  e x c l u d i n g  
3 

sea spray  su lphate ,  i n  w i n t e r  i n  SC),-S yg/m (da ta  f rom 

EMEP), and concen t ra t i ons  o f  SO and f l u o r i n e  compounds i n  t h e  

a i r  o f  t h e  d i f f e r e n t  w o r l d  l o c a l i t i e s  ( r e f .  9 and 10). The impor tance 

o f  t h e  North-East o f  t h e  USA and Cent ra l  Europe i s  obvious, bu t  w i t h i n  

t h e  cen t res  of  g loba l  emiss ions  a b i g  v a r i a t i o n  o f  a i r  p o l l u t i o n  always 

occurs  (see f i g u r e s  f o r  d i f f e r e n t  p laces ) .  

2 
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F ig.  3 

Sulphur accumulat ion i n  p i n e  needles i n  Poland as a b i o i n d i c a t o r  o f  

a i r  p o l l u t i o n .  Zone I represents  t h e  l e v e l  o f  su lphur  i n  needles as 

found i n  c lean areas, zone I V  represents  a t  l e a s t  t h e  double con ten t  

su lphu r  and i s  cons idered as t o x i c  f o r  p ine, spruce and fir. In t h e  

two in te rmed ia te  zones t h e r e  a r e  commonly l e s s  contaminated smal l  

l o c a l  areas. 
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Fig. 4 

BIALOWIEZA PFUMEVAL FOREST 
fairly clean area 

UPPER SlLESlAN INDUSTRiAL DISTRICT 
heavily polluted area 

--- 

1976-1977 - sulphur content in needles in their second year growth 

SO2 contents in the air [month mean va lue]  

r///A the samples colection period 

Accumulation o f  sulphur i n  p ine needles i n  r e l a t i o n  t o  the  sulphur 

content i n  t h e  a i r .  The content of sulphur f l u c t u a t e s  through the  

year, e s p e c i a l l y  i n  heav i l y  p o l l u t e d  areas, depending on the sulphur 

content i n  the  a i r ,  and t h e  phys io log i ca l  t ransformat ion w i t h i n  the  

p lan ts  throughout the  growing season. These data served t o  const ruct  

t he  map presented i n  F i g .  3. 
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Fig. 5 
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The chemical composition of pine i n  f a i r l y  clean areas shown as a 

100% l i n e  and i n  heav i l y  p o l l u t e d  areas as a per cent o f  t he  content 

of t h e  clean area. The content o f  each element i s  shown i n  th ree  columns 

- t h e  f i r s t  represent t h e  cu r ren t  growth, t he  second - prev ious yea r ' s  

growth, and t h e  t h i r d  column t h e  t h i r d  year 's  growth of needles. 

The b iggest  changes are i n  the  contents of p o l l u t i n g  elements as Pb, 

Zn, F and S - an increase o f  300% - 600%, and only  Mn concentrat ion deCreaSeS 

by 50% i n  comparison t o  the con t ro l  area. 


